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Introduction
Water pollution has become a major environmental problem and a serious social problem as well. In some developing countries, the problem has become ever worse. It is the very time to control water pollution and pollution dispersion. It was generally considered that the diffusion was main dispersion of pollutants. According to the Fick's law, a pollution source with high pollutant concentration will diffuse to a region of low concentration, and the diffusion ratio depends upon the concentration gradient. However, some counter-examples were reported in open literature, Fiume and Mattioli [1] injected intravenously the L-[3H]SAara-AMP conjugates to mice to check the diffusion process, and the results demonstrated that the diffusion did not follow Fick's law, the vast majority was dispersed to the liver, only small quantities were taken up by brain, spleen, bone marrow and intestine. This phenomenon is called the selective penetration.
Selective penetration has been observed in various fields, Sun et al. [2] found the selective ion penetration of sodium salts through a graphene oxide (GO) membranes, while heavy-metal salts infiltrated much more slowly, especially copper salts were entirely blocked --------------by GO membranes. Richards and Weygandt [3] found that fat solvents can selectively penetrate into the nervous system of mosquito larvae. Dai, et al. [4] revealed selective penetration of metal atoms. Hoefner, et al. [5] used polymer gels to improve waterflood performance in petroleum engineering, and they found that selective gels flow preferentially into higherpermeability media and resist penetration into tighter media. Zarlenco and Abrams [6] gave evidence for the selective penetration of free base into streptococcus fecalis cells. However, the mechanism of the selective penetration is not clear yet, this paper gives an experimental study on selective penetration and give an explanation using capillary action.
Experiment
In our experiment, a bottle of red ink was bought in a market near Soochow University, which was used for penetration experiment in various solutions. The 7.4% Na2CO3 solution and 7.4% NaCl solution were prepared, and a transfer liquid gun was used to move a drop of red ink onto the surfaces of the prepared solutions to see the penetration phenomenon. Figure 1 shows that the red ink in the Na2CO3 solution dropped immediately into the bottom of the bottle due to gravity, neither diffusion nor penetration phenomenon was observed during the dropping process. The red ink then went up gradually and finally distributed on the solution surface. After 20 minutes, the whole solution became brown. For NaCl solution, a quite different phenomenon was observed, see fig. 2 . The red ink began to penetrate into the solution as soon as it encountered the solution surface, no jet of the red ink was found as that for the Na2CO3 solution. During the penetration process, the red ink also diffused in radial direction. After 20 minutes, the whole solution became soft red. In order to study the effect of salt concentration on the penetration process, we prepared for NaCl solutions with concentrations of 0% (pure water), 5%, 10%, 15%, 20%, and saturated salt water, respectively. A drop of red ink was moved onto the surface the above solutions simultaneously. The pure water sees diffusion at the bottom of the bottle when the red ink jet reached the bottom, while the saturated salt water can see the rebound of the red ink jet from the bottom rapidly and a clear separation layer can be observed on the solution surface at the initial stage, see fig. 3(a) . It is obvious that there is a threshold value for the concentration beyond which no penetration process happens, and dropping red ink will be rebounded at a higher velocity for a higher salt concentration. Only NaCl solution with concentration of 5% has the obvious selective penetration, NaCl solutions with concentration of higher than 10% block penetration, and only diffusion is happened. After 40 minutes, all solutions became homogeneous and the same color was observed, see fig. 3 (c).
Figure 2. Selective penetration of red ink into NaCl solution; (a) a red ink was penetrated into the solution with diffusion, (b) the penetration model

Figure 3. Selective penetration of red into into NaCl solutions with different concentrations of 0% (the left-most bottle), 5%, 10%, 15%, 20%, and saturated salt water (the right-most bottle), respectively; (a) initial stage, (b) after 10 minutes, (c) after 40 minutes
Theoretical explanation of the selective penetration
Though the selective penetration has been reported in various fields, and it has wide applications in tissue engineering for rapid penetration of the released drug into a tissue regeneration (e. g. bone restoration), and capillary refining on the iron and steelmaking processes [7] , imbibition of fluid in porous medium, its mechanism is still unclear.
In this paper we will explain selective penetration using capillary theory. A solution on molecular scale can be considered as a discontinuous lattice. Figure 4 is the water lattice, we can draw a zig-zag curve linking the adjacent points as illustrated in fig. 4 , and an imagined zig-zag tube is formed, and we call it an imagined capillary. where σ is the liquid-air surface tension, gthe gravity acceleration, rthe equivalent radius of the imaged capillary tube, θthe contact angle, ρthe density of the solution, and λthe correction factor of the zig-zag shape. We modify eq. (1) in a more practical way:
where H is the penetration depth and Lthe distance between two adjacent points of the water lattice, or the average space distance between molecules. The solution density and lattice space strongly depend upon concentration and temperature:
where C is the concentration and Tthe temperature. It can easily find the relationship of eq. (4) experimentally, a higher temperature results in lower density of salt water, and a higher concentration leads to a higher density.
A high temperature will relax molecular forces (e. g. ionic bonds and Van der Waals force), as a result, the lattice space is enlarged. The increase of salinity will destroy the lattice structure of water molecules, and the equivalent the lattice space increases accordingly. For a constant temperature, the lattice space and density of the salt water can be expressed in a power series: 
and the penetration depth can be written in the form: 
where 0 ( 1~), ( 1~), ii a i n b i m H == are constants which can be determined experimentally. Equation (7) implies that a higher concentration always results in a lower capillary pressure or a shorter penetration depth.
Conclusions
It was considered that mesopelagic ecosystem will be less affected by the surface pollution, but the selective penetration process of some pollutants will greatly damage not on- ly epipelagic and mesopelagic community, but also bathypelagic and below creature. The selective penetration sheds a light on insight into the pollution mechanism at underwater/undersea zones and a possible control of water pollution.
Selective adsorption [8] [9] [10] [11] [12] and selective oxidation [13] [14] [15] , in nano/micro scale porous media can be explained alternatively by selective penetration. For example, a leaf constitutes of cell lattice, and an imagined capillary can produce capillary pressure to selectively absorb gas or nanoparticles, as a result, selective oxidation or selective adsorption can be observed. This results are helpful to design a nanofiber membrane by either electrospinning or bubble electrospinning or macromolecular electrospinning [16] [17] [18] [19] [20] [21] [22] [23] .
